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(57) ABSTRACT 

An exemplary method includes passing a lead through a Wall 
of an epicardial vein, an epicardial venous structure and/ or a 
cardiac chamber Wherein the lead includes an electrode por 
tion; positioning the electrode portion proximate to an auto 
nomic nerve and/or other tissue region; and delivering an 
electrical signal to the electrode portion to stimulate the auto 
nomic nerve and/or other tissue region and thereby change 
cardiac function. 

9 Claims, 13 Drawing Sheets 
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STIMULATION LEAD AND METHODS OF 
STIMULATING 

TECHNICAL FIELD 

Subject matter presented herein generally relates to cardiac 
pacing or stimulation therapy. 

BACKGROUND 

So called “fat pads” exist on the epicardial surface and are 
regions often associated With autonomous activity. Various 
patents discuss stimulation of fat pads to affect the heart. For 
example, US. Pat. No. 5,507,784, entitled “Method and 
apparatus for control of A-V interval,” to Hill and Mehra, 
issued Apr. 16, 1999 (’784 patent), discusses stimulation of 
fat pads associated With the SA and AV nodes. In particular, 
the ’784 patent states that the “fat pad associated With the SA 
node . . . is located along the anterior AV groove in most 

humans” and that the “fat pad associated With the AV 
node . . . is located along the posterior AV groove in most 

humans.” US. Pat. No. 6,266,564, entitled “Method and 
device for electronically controlling the beating of a heart,” to 
Hill and Jonkman, issued Jul. 24, 2001 (’564 patent), also 
discusses “fat pad” stimulation. In particular, the ’564 patent 
references a study entitled “Selective Stimulation of Para 
sympathetic Nerve Fibers to the Human Sinoatrial Node,” 
Circulation, 85(4): 1311-1317 (1992), Which reported that 
“cardiac parasympathetic nerve ?bers located in an epicardial 
fat pad at the margin of the right atrium, the superior vena 
cava, and the right pulmonary vein in humans could be elec 
trically stimulated to affect the heart rate.” HoWever, as dis 
cussed herein, a more recent study by PauZa et al., “Morphol 
ogy, distribution, and variability of the epicardiac neural 
ganglionated subplexuses in the human heart,” The Anatomi 
cal Record 259(4): 353-382 (2000), demonstrates that signi? 
cant populations of autonomic nerves exist in other epicardial 
locations. 

The aforementioned ’784 patent also discusses a lead to 
stimulate the AV nodal “fat pad” Wherein the lead has tWo 
electrodes located Within the coronary sinus, adjacent the 
ostium. Further the ’784 patent states that “AV nodal fat pad 
stimulation may also be accomplished by means of one elec 
trode located adjacent the ostium of the coronary sinus and a 
second electrode located in the inferior vena cava, by means 
of electrodes located in the left atrium or by means of epicar 
dial electrodes applied on or adjacent the AV nodal fat pad.” 
HoWever, the ’784 patent does not disclose any epicardial 
electrodes or leads having epicardial electrodes. While the 
aforementioned ’564 patent discusses electrodes for stimula 
tion of “fat pads,” such stimulation is limited to electrodes 
located on transvenous leads located in veins adjacent nerve 
?bers to be stimulated. Given the relationship betWeen fat pad 
stimulation and cardiac function, a need exists for alternative 
or improved stimulation techniques. In particular, a need 
exists for epicardially positionable leads that can stimulate a 
variety of autonomic nerves or other cardiac tissue. 

SUMMARY 

Exemplary methods, devices, systems, etc., for stimulating 
autonomic nerves and/or other cardiac tissue are disclosed. 
An exemplary method for stimulating tissue includes: pass 
ing a lead through a Wall of an epicardial vein and/or an 
epicardial venous structure Wherein the lead includes an elec 
trode portion; positioning the electrode portion proximate to 
(including in contact With) an epicardial autonomic nerve 
and/ or other cardiac tissue; and delivering an electrical signal 
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to the electrode portion to stimulate the epicardial autonomic 
nerve and/or the other cardiac tissue and thereby change 
cardiac operation. The exemplary method further optionally 
includes use of a deployable electrode portion. According to 
various exemplary methods, positioning includes positioning 
an electrode portion proximate to an epicardial autonomic 
nerve in a subplexus. Such subplexuses include, but are not 
limited to, a dorsal right atrial ganglionated subplexus, a 
ventral right atrial ganglionated subplexus, a middle dorsal 
ganglionated subplexus, a left dorsal ganglionated subplexus. 

Another exemplary method includes positioning an elec 
trode portion proximate to (or in) an epicardial fat pad 
Wherein delivery of an electrical signal to the fat pad via the 
electrode portion results in a change in cardiac function. For 
example, according to such a method, the delivery of an 
electrical signal may stimulate an autonomic nerve located in 
and/or proximate to the fat pad that is associated With the 
heart’s AV node and/or SA node. Of course, such an electrode 
may optionally stimulate other cardiac tissue. 
An exemplary device includes a lead having an electrode 

portion Wherein the electrode portion is passable through a 
Wall of a vein, a venous structure, and/or a cardiac chamber 
and positionable epicardially proximate to a tissue region. 

Various exemplary devices, systems, methods, etc., 
described herein, and equivalents thereof, are suitable for use 
in a variety of pacing therapies and other cardiac related 
therapies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the described implementations 
can be more readily understood by reference to the following 
description taken in conjunction With the accompanying 
draWings. 

FIG. 1 is a simpli?ed diagram illustrating an exemplary 
implantable stimulation device in electrical communication 
With at least three leads implanted into a patient’s heart and at 
least one other lead for delivering stimulation and/or shock 
therapy. Devices having feWer or more leads may also be 
suitable. 

FIG. 2 is a functional block diagram of an exemplary 
implantable stimulation device illustrating basic elements 
that are con?gured to provide cardioversion, de?brillation, 
pacing stimulation and/or autonomic nerve stimulation. The 
implantable stimulation device is further con?gured to sense 
information and administer stimulation pulses responsive to 
such information. 

FIG. 3 is a simpli?ed approximate anatomical diagram of a 
parasympathetic pathWay and a sympathetic pathWay of the 
autonomic nervous system. 

FIG. 4 is an approximate anatomical ventral vieW diagram 
of a human heart including some arteries, veins and nerves. 

FIG. 5 is an approximate anatomical dorsal vieW diagram 
of a human heart including some arteries, veins and nerves. 

FIG. 6 is an approximate anatomical ventral vieW diagram 
of a human heart including some arteries, veins and nerves 
along With an exemplary stimulation device and exemplary 
leads. 

FIG. 7 is an approximate anatomical dorsal vieW diagram 
of a human heart including some arteries, veins and nerves 
along With an exemplary stimulation device and exemplary 
leads. 

FIG. 8 is an approximate anatomical dorsal vieW diagram 
of a “fat pad” located near the inferior vena cava along With an 
exemplary lead having an electrode portion positioned in 
and/or proximate to the “fat pad.”A more detailed diagram of 
an exemplary electrode portion is also shoWn. 
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FIG. 9 is an approximate anatomical diagram of an exem 
plary method for deploying an exemplary electrode portion. 

FIG. 10 is an approximate anatomical diagram of an exem 
plary method for deploying an exemplary electrode portion. 

FIG. 11 is a block diagram of an exemplary method for 
stimulating autonomic nerves to affect operation of an AV 
node and/or a SA node. 

FIG. 12 is a block diagram of an exemplary method for 
stimulating a tissue region from an epicardial position. 

FIG. 13 is a block diagram of an exemplary method for 
stimulating a tissue region from an epicardial position. 

DETAILED DESCRIPTION 

The folloWing description includes the best mode presently 
contemplated for practicing the described implementations. 
This description is not to be taken in a limiting sense, but 
rather is made merely for the purpose of describing the gen 
eral principles of the implementations. The scope of the 
described implementations should be ascertained With refer 
ence to the issued claims. In the description that folloWs, like 
numerals or reference designators are generally used to ref 
erence like parts or elements. 

Exemplary Stimulation Device 
The techniques described beloW are intended to be imple 

mented in connection With any stimulation device that is 
con?gured or con?gurable to stimulate nerves and/or stimu 
late and/or shock a patient’s heart. 

FIG. 1 shoWs an exemplary stimulation device 100 in elec 
trical communication With a patient’s heart 102 by Way of 
three leads 104, 106, 108, suitable for delivering multi-cham 
ber stimulation and shock therapy. The leads 104, 106, 108 
are optionally con?gurable for delivery of stimulation pulses 
suitable for stimulation of autonomic nerves. In addition, the 
exemplary device 100 includes a fourth lead 110 having, in 
this implementation, three electrodes 144, 144', 144" suitable 
for stimulation of autonomic nerves. This lead may be posi 
tioned in and/or near a patient’s heart or near an autonomic 
nerve Within a patient’s body and remote from the heart. As 
described herein, a stimulation device may have feWer, the 
same or more leads than the exemplary device 100. Various 
exemplary leads or lead portions described herein are option 
ally used With a stimulation device such as, for example, the 
device 100. 

The right atrial lead 104, as the name implies, is positioned 
in and/or passes through a patient’s right atrium. The right 
atrial lead 104 optionally senses atrial cardiac signals and/or 
provide right atrial chamber stimulation therapy. As shoWn in 
FIG. 1, the stimulation device 100 is coupled to an implant 
able right atrial lead 104 having, for example, an atrial tip 
electrode 120, Which typically is implanted in the patient’s 
right atrial appendage. The lead 104, as shoWn in FIG. 1, also 
includes an atrial ring electrode 121. Of course, the lead 104 
may have other electrodes as Well. For example, the right 
atrial lead optionally includes a distal bifurcation having elec 
trodes suitable for epicardial positioning and/or stimulation 
of autonomic nerves. 

To sense atrial cardiac signals, ventricular cardiac signals 
and/ or to provide chamber pacing therapy, particularly on the 
left side of a patient’s heart, the stimulation device 100 is 
coupled to a coronary sinus lead 106 designed for placement 
in the coronary sinus and/or tributary veins of the coronary 
sinus. Thus, the coronary sinus lead 106 is optionally suitable 
for positioning at least one distal electrode adjacent to the left 
ventricle and/or additional electrode(s) adjacent to the left 
atrium. In a normal heart, tributary veins of the coronary sinus 
include, but may not be limited to, the great cardiac vein, the 
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left marginal vein, the left posterior ventricular vein, the 
middle cardiac vein, and the small cardiac vein. 

Accordingly, an exemplary coronary sinus lead 106 is 
optionally designed to receive atrial and ventricular cardiac 
signals and to deliver left ventricular pacing therapy using, for 
example, at least a left ventricular tip electrode 122, left atrial 
pacing therapy using at least a left atrial ring electrode 124, 
and shocking therapy using at least a left atrial coil electrode 
126. For a complete description of a coronary sinus lead, the 
reader is directed to US. Pat. No. 5,466,254, “Coronary Sinus 
Lead With Atrial Sensing Capability” (Helland), Which is 
incorporated herein by reference. The coronary sinus lead 
106 further optionally includes electrodes for epicardial posi 
tioning and/or stimulation of autonomic nerves. Such a lead 
may include pacing and autonomic nerve stimulation func 
tionality and may further include bifurcations or legs. For 
example, an exemplary coronary sinus lead includes pacing 
electrodes capable of delivering pacing pulses to a patient’s 
left ventricle and at least one electrode capable of stimulating 
an autonomic nerve. 

The stimulation device 100 is also shoWn in electrical 
communication With the patient’s heart 102 by Way of an 
implantable right ventricular lead 108 having, in the example 
of FIG. 1, a right ventricular tip electrode 128, a right ven 
tricular ring electrode 130, a right ventricular (RV) coil elec 
trode 132, and an SVC coil electrode 134. Typically, the right 
ventricular lead 108 is transvenously inserted into the heart 
102 to place the right ventricular tip electrode 128 in the right 
ventricular apex so that the RV coil electrode 132 Will be 
positioned in the right ventricle and the SVC coil electrode 
134 Will be positioned in the superior vena cava. Accordingly, 
the right ventricular lead 108 is capable of sensing or receiv 
ing cardiac signals, and delivering stimulation in the form of 
pacing and shock therapy to the right ventricle. An exemplary 
right ventricular lead may also include at least one electrode 
capable of stimulating an autonomic nerve, such an electrode 
may be positioned on the lead or a bifurcation or leg of the 
lead. In addition, an exemplary right ventricular lead may also 
include at least one electrode positionable epicardially proxi 
mate to a tissue region. 

FIG. 2 shoWs an exemplary, simpli?ed block diagram 
depicting various components of the stimulation device 100. 
The stimulation device 100 can be capable of treating both 
fast and sloW arrhythmias With stimulation therapy, including 
cardioversion, de?brillation, and pacing stimulation. The 
stimulation device can be solely or further capable of deliv 
ering stimuli to autonomic nerves. While a particular multi 
chamber device is shoWn, it is to be appreciated and under 
stood that this is done for illustration purposes only. Thus, 
various techniques and methods described beloW can be 
implemented in connection With any suitably con?gured or 
con?gurable stimulation device. Accordingly, one of skill in 
the art could readily duplicate, eliminate, or disable the 
appropriate circuitry in any desired combination to provide a 
device capable of treating the appropriate chamber(s) or 
regions of a patient’ s heart With cardioversion, de?brillation, 
pacing stimulation, and/or autonomic nerve stimulation. 

Housing 200 for stimulation device 100 is often referred to 
as the “can”, “case” or “case electrode”, and may be program 
mably selected to act as the return electrode for all “unipolar” 
modes. Housing 200 may further be used as a return electrode 
alone or in combination With one or more of the coil elec 
trodes 126, 132 and 134 for shocking purposes. Housing 200 
may act as an electrode for nerve or other stimulation. Hous 

ing 200 further includes a connector (not shoWn) having a 
plurality ofterminals 201, 202, 204, 206, 208, 212, 214, 216, 
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218, 221 (shown schematically and, for convenience, the 
names of the electrodes to Which they are connected are 

shoWn next to the terminals). 
To achieve right atrial sensing, pacing and/or autonomic 

stimulation, the connector includes at least a right atrial tip 
terminal (AR TIP) 202 adapted for connection to the atrial tip 
electrode 120. A right atrial ring terminal (AR RING) 201 is 
also shoWn, Which is adapted for connection to the atrial ring 
electrode 121. To achieve left chamber sensing, pacing, 
shocking, and/or autonomic stimulation, the connector 
includes at least a left ventricular tip terminal (VL TIP) 204, a 
left atrial ring terminal (AL RING) 206, and a left atrial 
shocking terminal (AL COIL) 208, Which are adapted for 
connection to the left ventricular tip electrode 122, the left 
atrial ring electrode 124, and the left atrial coil electrode 126, 
respectively. 

To support right chamber sensing, pacing, shocking, and/or 
autonomic nerve stimulation, the connector further includes a 
right ventricular tip terminal (V R TIP) 212, a right ventricular 
ring terminal (V R RING) 214, a right ventricular shocking 
terminal (RV COIL) 216, and a superior vena cava shocking 
terminal (SVC COIL) 218, Which are adapted for connection 
to the right ventricular tip electrode 128, right ventricular ring 
electrode 130, the RV coil electrode 132, and the SVC coil 
electrode 134, respectively. Connection to suitable auto 
nomic nerve stimulation electrodes is also possible via these 
and/ or other terminals (e.g., via the nerve stimulation termi 
nal S ELEC 221). 

At the core of the stimulation device 100 is a program 
mable microcontroller 220 that controls the various modes of 
stimulation therapy. As is Well knoWn in the art, microcon 
troller 220 typically includes a microprocessor, or equivalent 
control circuitry, designed speci?cally for controlling the 
delivery of stimulation therapy, and may further include 
RAM or ROM memory, logic and timing circuitry, state 
machine circuitry, and I/O circuitry. Typically, microcontrol 
ler 220 includes the ability to process or monitor input signals 
(data or information) as controlled by a program code stored 
in a designated block of memory. The type of microcontroller 
is not critical to the described implementations. Rather, any 
suitable microcontroller 220 may be used that carries out the 
functions described herein. The use of microprocessor-based 
control circuits for performing timing and data analysis func 
tions are Well knoWn in the art. 

Representative types of control circuitry that may be used 
in connection With the described embodiments can include 
the microprocessor-based control system of US. Pat. No. 
4,940,052 (Mann et al.), the state-machine of US. Pat. Nos. 
4,712,555 (Thornander et al.) and 4,944,298 (Sholder), all of 
Which are incorporated by reference herein. For a more 
detailed description of the various timing intervals used 
Within the stimulation device and their inter-relationship, see 
US. Pat. No. 4,788,980 (Mann et al.), also incorporated 
herein by reference. 

FIG. 2 also shoWs an atrial pulse generator 222 and a 
ventricular pulse generator 224 that generate pacing stimula 
tion pulses for delivery by the right atrial lead 104, the coro 
nary sinus lead 106, and/or the right ventricular lead 108 via 
an electrode con?guration sWitch 226. It is understood that in 
order to provide stimulation therapy to effect operation of any 
or all of the four chambers of the heart the atrial and ventricu 
lar pulse generators, 222 and 224, may include dedicated, 
independent pulse generators, multiplexed pulse generators, 
or shared pulse generators. The pulse generators 222 and 224 
are controlled by the microcontroller 220 via appropriate 
control signals 228 and 230, respectively, to trigger or inhibit 
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6 
the stimulation pulses. The pulse generators 222 and 224 may 
also generate pulses suitable for stimulation of autonomic 
nerves. 

Microcontroller 220 further includes timing control cir 
cuitry 232 to control the timing of the stimulation pulses (e. g., 
pacing rate, atrio-ventricular (AV) delay, atrial interconduc 
tion (A-A) delay, or ventricular interconduction (V-V) delay, 
etc.) as Well as to keep track of the timing of refractory 
periods, blanking intervals, noise detection WindoWs, evoked 
response WindoWs, alert intervals, marker channel timing, 
etc., Which is Well knoWn in the art. 

Microcontroller 220 further includes an arrhythmia detec 
tor 234, a morphology detector 236, and optionally an ortho 
static compensator and a minute ventilation (MV) response 
module, the latter tWo are not shoWn in FIG. 2. These com 
ponents can be utiliZed by the stimulation device 100 for 
determining desirable times to administer various therapies, 
including those to reduce the effects of orthostatic hypoten 
sion. The aforementioned components may be implemented 
in hardWare as part of the microcontroller 220, or as softWare/ 
?rmware instructions programmed into the device and 
executed on the microcontroller 220 during certain modes of 
operation. 

Microcontroller 220 further includes an autonomic nerve 
stimulation module 238 for performing a variety of tasks 
related to autonomic nerve stimulation. This component can 
be utiliZed by the stimulation device 100 for determining 
desirable times to administer various therapies, including, but 
not limited to, sympathetic stimulation to, for example, 
increase contractility or rate of a patient’s heart and/or para 
sympathetic stimulation to, for example, decrease rate of a 
patient’s heart. The autonomic module 238 may be imple 
mented in hardWare as part of the microcontroller 220, or as 
softWare/?rmWare instructions programmed into the device 
and executed on the microcontroller 220 during certain 
modes of operation. 

The electronic con?guration sWitch 226 includes a plural 
ity of sWitches for connecting the desired electrodes to the 
appropriate I/O circuits, thereby providing complete elec 
trode programmability. Accordingly, sWitch 226, in response 
to a control signal 242 from the microcontroller 220, deter 
mines the polarity of the stimulation pulses (e.g., unipolar, 
bipolar, combipolar, etc.) by selectively closing the appropri 
ate combination of sWitches (not shoWn) as is knoWn in the 
art. 

Atrial sensing circuits 244 and ventricular sensing circuits 
246 may also be selectively coupled to the right atrial lead 
104, coronary sinus lead 106, and the right ventricular lead 
108, through the sWitch 226 for detecting the presence of 
cardiac activity in each of the four chambers of the heart. 
Accordingly, the atrial (ATR. SENSE) and ventricular (V TR. 
SENSE) sensing circuits, 244 and 246, may include dedicated 
sense ampli?ers, multiplexed ampli?ers, or shared ampli?ers. 
SWitch 226 determines the “sensing polarity” of the cardiac 
signal by selectively closing the appropriate sWitches, as is 
also knoWn in the art. In this Way, the clinician may program 
the sensing polarity independent of the stimulation polarity. 
The sensing circuits (e.g., 244 and 246) are optionally capable 
of obtaining information indicative of tissue capture. 

Each sensing circuit 244 and 246 preferably employs one 
or more loW poWer, precision ampli?ers With programmable 
gain and/or automatic gain control, bandpass ?ltering, and a 
threshold detection circuit, as knoWn in the art, to selectively 
sense the cardiac signal of interest. The automatic gain con 
trol enables the device 1 00 to deal effectively With the dif?cult 
problem of sensing the loW amplitude signal characteristics of 
atrial or ventricular ?brillation. 
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The outputs of the atrial and ventricular sensing circuits 
244 and 246 are connected to the microcontroller 220, Which, 
in turn, is able to trigger or inhibit the atrial and ventricular 
pulse generators 222 and 224, respectively, in a demand fash 
ion in response to the absence or presence of cardiac activity 
in the appropriate chambers of the heart. Furthermore, as 
described herein, the microcontroller 220 is also capable of 
analyzing information output from the sensing circuits 244 
and 246 and/ or the data acquisition system 252 to determine 
or detect Whether and to What degree tissue capture has 
occurred and to program a pulse, or pulses, in response to 
such determinations. The sensing circuits 244 and 246, in 
turn, receive control signals over signal lines 248 and 250 
from the microcontroller 220 for purposes of controlling the 
gain, threshold, polarization charge removal circuitry (not 
shoWn), and the timing of any blocking circuitry (not shoWn) 
coupled to the inputs of the sensing circuits, 244 and 246, as 
is knoWn in the art. 

For arrhythmia detection, the device 100 utilizes the atrial 
and ventricular sensing circuits, 244 and 246, to sense cardiac 
signals to determine Whether a rhythm is physiologic or 
pathologic. In reference to arrhythmias, as used herein, “sens 
ing” is reserved for the noting of an electrical signal or obtain 
ing data (information), and “detection” is the processing 
(analysis) of these sensed signals and noting the presence of 
an arrhythmia. The timing intervals betWeen sensed events 
(e.g., P-Waves, R-Waves, and depolarization signals associ 
ated With ?brillation Which are sometimes referred to as 
“F-Waves” or “Fib-Waves”) are then classi?ed by the arrhyth 
mia detector 234 of the microcontroller 220 by comparing 
them to a prede?ned rate zone limit (i.e., bradycardia, normal, 
loW rate VT, high rate VT, and ?brillation rate zones) and 
various other characteristics (e.g., sudden onset, stability, 
physiologic sensors, and morphology, etc.) in order to deter 
mine the type of remedial therapy that is needed (e. g., brady 
cardia pacing, anti-tachycardia pacing, cardioversion shocks 
or de?brillation shocks, collectively referred to as “tiered 
therapy”). 

Cardiac signals are also applied, as appropriate, to inputs of 
an analog-to-digital (A/D) data acquisition system 252. The 
data acquisition system 252 is con?gured to acquire intracar 
diac electrogram signals, convert the raW analog data into a 
digital signal, and store the digital signals for later processing 
and/ or telemetric transmission to an external device 254. The 
data acquisition system 252 is coupled to the right atrial lead 
104, the coronary sinus lead 106, the right ventricular lead 
108 and/ or the nerve stimulation lead through the sWitch 226 
to sample cardiac signals across any pair of desired elec 
trodes. 

The microcontroller 220 is further coupled to a memory 
260 by a suitable data/address bus 262, Wherein the program 
mable operating parameters used by the microcontroller 220 
are stored and modi?ed, as required, in order to customize the 
operation of the stimulation device 100 to suit the needs of a 
particular patient. Such operating parameters de?ne, for 
example, pacing pulse amplitude, pulse duration, electrode 
polarity, rate, sensitivity, automatic features, arrhythmia 
detection criteria, and the amplitude, Waveshape, number of 
pulses, and vector of each shocking pulse to be delivered to 
the patient’s heart 102 Within each respective tier of therapy. 
The implantable device 100 optionally includes an ability to 
sense information and store a relatively large amount of such 
information (e.g., from the data acquisition system 252), 
Which data may then be used for subsequent analysis to guide 
the programming of the device. 

Advantageously, the operating parameters of the implant 
able device 100 may be non-invasively programmed into the 
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memory 260 through a telemetry circuit 264 in telemetric 
communication via communication link 266 With the external 
device 254, such as a programmer, transtelephonic trans 
ceiver, or a diagnostic system analyzer. The microcontroller 
220 activates the telemetry circuit 264 With a control signal 
268. The telemetry circuit 264 advantageously alloWs intra 
cardiac electrograms and status information relating to the 
operation of the device 100 (as contained in the microcon 
troller 220 or memory 260) to be sent to the external device 
254 through an established communication link 266. 
The stimulation device 100 can further include a physi 

ologic sensor 270, commonly referred to as a “rate-respon 
sive” sensor because it is typically used to adjust pacing 
stimulation rate according to the exercise state of the patient. 
HoWever, the physiological sensor 270 may further be used to 
detect changes in cardiac output (see, e.g., U.S. Pat. No. 
6,314,323, entitled “Heart stimulator determining cardiac 
output, by measuring the systolic pressure, for controlling the 
stimulation,” to EkWall, issued Nov. 6, 2001, Which discusses 
a pressure sensor adapted to sense pressure in a right ventricle 
and to generate an electrical pressure signal corresponding to 
the sensed pressure, an integrator supplied With the pressure 
signal Which integrates the pressure signal betWeen a start 
time and a stop time to produce an integration result that 
corresponds to cardiac output), changes in the physiological 
condition of the heart, or diurnal changes in activity (e.g., 
detecting sleep and Wake states). Accordingly, the microcon 
troller 220 responds by adjusting the various pacing param 
eters (such as rate, AV Delay, V-V Delay, etc.) at Which the 
atrial and ventricular pulse generators, 222 and 224, generate 
stimulation pulses. 
While shown as being included Within the stimulation 

device 100, it is to be understood that the physiologic sensor 
270 may also be external to the stimulation device 100, yet 
still be implanted Within or carried by the patient. Examples 
of physiologic sensors that may be implemented in device 
100 include knoWn sensors that, for example, sense respira 
tion rate, pH of blood, ventricular gradient, cardiac output, 
preload, afterload, contractility, and so forth. Another sensor 
that may be used is one that detects activity variance, Wherein 
an activity sensor is monitored diumally to detect the loW 
variance in the measurement corresponding to the sleep state. 
For a complete description of the activity variance sensor, the 
reader is directed to Us. Pat. No. 5,476,483 (Bornzin et al.), 
issued Dec. 19, 1995, Which patent is hereby incorporated by 
reference. 
More speci?cally, the physiological sensors 270 optionally 

include sensors for detecting movement and minute ventila 
tion in the patient. The physiological sensors 270 may include 
a position sensor and/ or a minute ventilation (MV) sensor to 
sense minute ventilation, Which is de?ned as the total volume 
of air that moves in and out of a patient’s lungs in a minute. 
Signals generated by the position sensor and MV sensor are 
passed to the microcontroller 220 for analysis in determining 
Whether to adjust the pacing rate, etc. The microcontroller 
220 monitors the signals for indications of the patient’s posi 
tion and activity status, such as Whether the patient is climb 
ing upstairs or descending doWnstairs or Whether the patient 
is sitting up after lying doWn. 
The stimulation device additionally includes a battery 276 

that provides operating poWer to all of the circuits shoWn in 
FIG. 2. For the stimulation device 100, Which employs shock 
ing therapy, the battery 276 is capable of operating at loW 
current drains for long periods of time (e.g., preferably less 
than 10 uA), and is capable of providing high-current pulses 
(for capacitor charging) When the patient requires a shock 
pulse (e.g., preferably, in excess of 2 A, at voltages above 2 V, 
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for periods of 10 seconds or more). The battery 276 also 
desirably has a predictable discharge characteristic so that 
elective replacement time can be detected. 

The stimulation device 100 can further include magnet 
detection circuitry (not shoWn), coupled to the microcontrol 
ler 220, to detect When a magnet is placed over the stimulation 
device 100. A magnet may be used by a clinician to perform 
various test functions of the stimulation device 100 and/ or to 
signal the microcontroller 220 that the external programmer 
254 is in place to receive or transmit data to the microcon 
troller 220 through the telemetry circuits 264. 

The stimulation device 100 further includes an impedance 
measuring circuit 278 that is enabled by the microcontroller 
220 via a control signal 280. The knoWn uses for an imped 
ance measuring circuit 278 include, but are not limited to, 
lead impedance surveillance during the acute and chronic 
phases for proper lead positioning or dislodgement; detecting 
operable electrodes and automatically sWitching to an oper 
able pair if dislodgement occurs; measuring respiration or 
minute ventilation; measuring thoracic impedance for deter 
mining shock thresholds; detecting When the device has been 
implanted; measuring stroke volume; and detecting the open 
ing of heart valves, etc. The impedance measuring circuit 278 
is advantageously coupled to the sWitch 226 so that any 
desired electrode may be used. 

In the case Where the stimulation device 100 is intended to 
operate as an implantable cardioverter/ de?brillator (ICD) 
device, it detects the occurrence of an arrhythmia, and auto 
matically applies an appropriate therapy to the heart aimed at 
terminating the detected arrhythmia. To this end, the micro 
controller 220 further controls a shocking circuit 282 by Way 
of a control signal 284. The shocking circuit 282 generates 
shocking pulses of loW (e.g., up to about 0.5 J), moderate 
(e.g., about 0.5 J to about 10 J), orhigh energy (e.g., about 11 
J to about 40 J), as controlled by the microcontroller 220. 
Such shocking pulses are applied to the patient’s heart 102 
through at least tWo shocking electrodes, and as shoWn in this 
embodiment, selected from the left atrial coil electrode 126, 
the RV coil electrode 132, and/or the SVC coil electrode 134. 
As noted above, the housing 200 may act as an active elec 
trode in combination With the RV electrode 132, or as part of 
a split electrical vector using the SVC coil electrode 134 or 
the left atrial coil electrode 126 (i.e., using the RV electrode as 
a common electrode). 

Cardioversion level shocks are generally considered to be 
of loW to moderate energy level (so as to minimize pain felt by 
the patient), and/or synchronized With an R-Wave and/ or per 
taining to the treatment of tachycardia. De?brillation shocks 
are generally of moderate to high energy level (e.g., corre 
sponding to thresholds in the range of about 5 J to about 40 J), 
delivered asynchronously (since R-Waves may be too disor 
ganized), and pertaining exclusively to the treatment of ?bril 
lation. Accordingly, the microcontroller 220 is capable of 
controlling the synchronous or asynchronous delivery of the 
shocking pulses. 

OvervieW 
Various exemplary methods, leads, systems, etc., described 

herein are suitable for stimulating cardiac tissue. For 
example, an exemplary lead includes electrodes suitable for 
positioning epicardially proximate to a tissue region. Once 
positioned, electrical pulses, delivered via the lead and elec 
trodes, may stimulate autonomic nerves and/or other cardiac 
tissue. Of course, positioning and/ or pulse characteristics 
may determine Whether a pulse stimulates an autonomic 
nerve or other cardiac tissue. According to various exemplary 
methods and/ or exemplary leads, epicardial positioning is 
typically achieved via a transvenous route. 
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Autonomic Nervous System 
The autonomic nervous system includes sympathetic and 

parasympathetic pathWays. Both pathWays include afferent 
pathWays (e.g., from an organ to central neurons) and efferent 
pathWays (e.g., postganglionic neurons from ganglia to an 
organ) that relate to functioning of the heart. For example, 
parasympathetic efferent postganglionic neurons, When 
stimulated, suppress atrial rate and contractile force, atrio 
ventricular nodal conduction, and ventricular contractile 
force, also knoWn as contractility or inotropy. Sympathetic 
efferent postganglionic neurons, When stimulated, generally 
increase heart rate and increase contractility. Note that con 
tractility is associated With the term “inotropy”, heart rate is 
associated With the term “chronotropy” and conduction 
velocity is associated With the term “dromotropy.” 

Stimulation of parasympathetic nerves acts to decrease 
heart rate While stimulation of sympathetic nerves acts to 
increase heart rate. Regarding sympathetic stimulation, nore 
pinephrine is released by sympathetic nerves. After its 
release, norepinephrine acts on the sinoatrial node (SA node) 
to increase the rate of diastolic depolarization, and thereby 
increase heart rate, and acts on the atrioventricular node (AV 
node) to increase the velocity of conduction and diminish the 
refractory period during Which the AV node is unresponsive to 
stimuli coming from the atrium. 

Contractility (or inotropy) refers to the force or strength of 
cardiac muscle contractions. Stimulation of sympathetic 
nerves causes active contractility Whereas Frank-Starling 
mechanism causes passive contractility. Active contractility 
involves norepinephrine, Which increases myocardial cal 
cium permeability (or conductance) and hence actin/myosin 
crossbridge interactions. Other mechanisms may also accom 
pany the increase in calcium permeability. In general, an 
increase in ventricular contractility causes an increase stroke 
volume, Which, in turn, can increase cardiac output. 

Changes in inotropic state are particularly important dur 
ing exercise. Increases in inotropic state helps to maintain 
stroke volume at high heart rates. Increased heart rate alone 
decreases stroke volume because of reduced time for diastolic 
?lling (decreased end-diastolic volume). When inotropic 
state increases at the same time, this decreases end-systolic 
volume to maintain stroke volume. 
As already mentioned, the autonomic nervous system 

includes parasympathetic and sympathetic pathWays. Refer 
ring to FIG. 3, a simpli?ed diagram of the autonomic nervous 
system 300 is shoWn. The system 300 illustrated includes a 
brain 304, a spinal cord 308, an organ 312, a parasympathetic 
efferent pathWay 318 and a sympathetic efferent pathWay 
358. The parasympathetic efferent pathWay 318 includes a 
preganglionic cell body 320 located in the brain 304, a 
preganglionic axon 324, a synaptic cleft 328, a postganglionic 
cell body 332, a postganglionic axon 336, and a postgangli 
onic synaptic cleft 340 proximate to the organ 312. An exem 
plary parasympathetic stimulus originates at the brain 304 
and ends at the postganglionic synaptic cleft 340 Wherein a 
chemical is emitted to effect cell of the organ 312. A synaptic 
cleft may also be referred to as a neuroeffector junction. The 
sympathetic efferent pathWay 358 includes a preganglionic 
cell body 360 located in the spinal cord 308, a preganglionic 
axon 364, a synaptic cleft 368, a postganglionic cell body 
372, a postganglionic axon 376, and a postganglionic synap 
tic cleft 380 proximate to the organ 312. An exemplary sym 
pathetic stimulus originates at the spinal cord 308 and ends at 
the postganglionic synaptic cleft 380 Wherein a chemical is 
emitted to effect cell of the organ 312. In both pathWays 318, 
358, acetylcholine operates as a neurotransmitter to activate 
postganglionic neurons, i.e., preganglionic neurons are cho 
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linergic. In parasympathetic pathways (e.g., the parasympa 
thetic pathWay 318), postganglionic neurons emit acetylcho 
line and are therefore cholinergic. However, in many 
sympathetic pathWays (e.g., the sympathetic pathWay 358), 
postganglionic neurons emit norepinephrine and are there 
fore adrenergic. While FIG. 3 shoWs a one to one ratio of 
preganglionic to postganglionic neurons, note that a pregan 
glionic neuron generally links to more than one postgangli 
onic neuron, for example, in a sympathetic pathWay, a pregan 
glionic neuron to postganglionic neuron ratio may be 
approximately 1:32. 

PauZa et al., “Morphology, distribution, and variability of 
the epicardiac neural ganglionated subplexuses in the human 
heart,” The Anatomical Record 259(4): 353-382 (2000), 
reported that the epicardial plexus forms seven subplexuses: 
(I) left coronary or LC, (II) right coronary or RC, (III) ventral 
right atrial or VRA, (IV) ventral left atrial or VLA, (V) left 
dorsal or LD, (VI) middle dorsal or MD, and (VII) dorsal right 
atrial or DRA. PauZa et al., state that, in general, the human 
right atrium is innervated by tWo subplexuses (III, VII), the 
left atrium by three subplexuses (IV, V, VI), the right ventricle 
by one subplexus (II), and the left ventricle by three subplex 
uses (I, V, VI). PauZa et al., also suggested that “left epicardiac 
subplexuses (e.g., I, IV, V, VI) may be considered as being 
formed by nerves derived from the left side of the deep extrin 
sic cardiac plexus, Whereas ventral and dorsal right atrial 
subplexuses (III, VII) should be considered as being supplied 
by preganglionated nerves extending from the right vagus 
nerve and right sympathetic trunk, as their branches course in 
the adventitia of the right pulmonary artery and superior vena 
cava.” Further, according to PauZa et al., the left coronary (I), 
right coronary (II), ventral left atrial (IV) and middle dorsal 
(VI) subplexuses “may be considered as being formed by the 
deep extrinsic plexus that receives equally from both vagi and 
sympathetic trunks.” Note that in the PauZa et al., reference, 
the terms “epicardiac preganglionated nerves” and “epicar 
diac postganglionated nerves” are differentiated from the 
meanings of “axons of the preganglionic and postganglionic 
neurons” that are valid in the nomenclature of the autonomic 
nervous system, for example, as referred to above With refer 
ence to FIG. 3. Thus, the term “postganglionic neurons” 
includes epicardiac/epicardial preganglionic neurons as Well 
as epicardiac/epicardial postganglionic neurons. 

PauZa et al., also states that “the human SA-node is sup 
plied by abundant postganglionated nerves deriving both 
from the VRA (III) and DRA (VII) subplexuses, Whereas 
nerves spreading to the region of the human AV-node origi 
nated from the MD (VI) subplexus in the main and from the 
LD (V) subplexus in part.” Regarding the VRA (III) sub 
plexus, PauZa et al., state that “preGNs [pre-ganglionated 
nerves] of this subplexus [VRA (III)] entered the epicardium 
at the superior interatrial sulcus, Where a large epicardial fat 
pad Was consistently located nearby the HH [heart hilum]” 
and that the ganglionated ?eld of the VRA (III) subplexus 
usually had the largest number and highest density of epicar 
dial ganglia in a ventral region along the root of the superior 
vena cava. Regarding the DRA (VII) subplexus, PauZa et al., 
state that the largest number and density of ganglia Were 
located in the dorsal superior right atrial region and root of the 
superior vena cava region. 

Regarding the MD (VI) subplexus, PauZa et al., state that 
the largest number of ganglia Was located in a dorsal superior 
left atrial region. Regarding the LD (V) subplexus, PauZa et 
al., state that this subplexus accounted for about 30% of all 
subplexus ganglia and had a ganglionated ?eld located in 
pre-left coronary sulcus, dorsal left coronary sulcus, and 
middle left atrial regions. In addition, post ganglionated 
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12 
nerves from this subplexus “extended obliquely or along the 
left dorsal coronary sulcus and nearby the crux cordis inter 
vened into a complex neural meshWork that Was also formed 
by the nerves of the middle dorsal subplexus [MD (VI)].” A 
“fat pad” is located at and/or near the location of this neural 
meshWork. Note that this “fat pad” is not considered one of 
the seven elaborated neural subplexuses. 

Thus, stimulation of the VRA (III) and/or DRA (VII) sub 
plexuses and/ or nerves stemming from these subplexuses Will 
alloW for some degree of control over SA node operation. 
Similarly, stimulation of the MD (VI) and/or LD (V) subplex 
uses and/or nerves stemming from these subplexuses Will 
alloW for some degree of control over AV node operation. 
Note that possible stimulation sites are not limited to “fat 
pads” locations. 
Upon stimulation, end terminals (or terminal knobs) of the 

postganglionic sympathetic nerves (e.g., epicardial postgan 
glionic sympathetic nerves) release norepinephrine Whereas 
parasympathetic nerves release acetylcholine. Both of these 
neuroeffectors act through receptors. Cardiac sympathetic 
receptors are mostly the beta-1 subtype. Beta-1 receptors, 
Which respond approximately equally to norepinephrine and 
epinephrine, generally act on the myocardium to increase 
heart rate, contractility, and/or conduction velocity. Hence, 
by increasing the rate of depolarization and thereby decreas 
ing the interval betWeen SA node action potentials sympa 
thetic neuroeffectors can increase heart rate. In contrast, para 
sympathetic cholinergic muscarinic receptors act on the 
sinoatrial (SA) node to decrease heart rate and act on the 
atrioventricular (AV) node to decrease conduction velocity. 
More speci?cally, acetylcholine hyperpolariZes the mem 
brane potential of SA node cells and sloWs diastolic depolar 
iZation. In this manner, acetylcholine increases the interval 
betWeen SA node action potentials and sloWs the heart rate. 

Electrical stimulation of autonomic nerves has been 
reported in the literature, see, e.g., Murakami, et al., “Effects 
of cardiac sympathetic nerve stimulation on the left ventricu 
lar end-systolic pressure-volume relationship and plasma 
norepinephrine dynamics in dogs,” Jpn. Circ. J. 61(10): 864 
71 (1997); and Du, et al., “Response to cardiac sympathetic 
activation in transgenic mice overexpressing beta 2-adrener 
gic receptor.” Am-J-Physiol. August; 271(2 Pt 2): H630-6 
(1 996). 
According to various exemplary methods and/or devices 

described herein, a series of pulses, or a pulse train, is option 
ally delivered by an implantable stimulation device to stimu 
late an autonomic nerve. The pulse train optionally includes 
pulse parameters or pulse train parameters, such as, but not 
limited to, frequency, pulse duration (or pulse Width), number 
of pulses, and/or amplitude. These parameters may have 
broad ranges and vary over time Within any given pulse train. 
In general, a poWer level for individual pulses and/or pulse 
trains is determined based on these parameters and/or other 
parameters. Exemplary ranges for pulse frequency include 
frequencies ranging from approximately 0.2 to approxi 
mately 20 HZ, and, in particular, frequencies ranging from 
approximately 1 HZ to approximately 4 HZ. Exemplary 
ranges for pulse duration, or pulse Width for an individual 
pulse (generally Within a pulse train), include pulse Widths 
ranging from approximately 0.01 milliseconds to approxi 
mately 5 milliseconds and, in particular, pulse Widths ranging 
from approximately 0.1 milliseconds to approximately 1.6 
milliseconds. Exemplary pulse amplitudes are typically given 
in terms of current or voltage; hoWever, a pulse or a pulse 
trains may also be speci?ed by poWer, charge and/ or energy. 
For example, in terms of current, exemplary ranges for pulse 
amplitude include amplitudes ranging from approximately 














